In this paper, we present a statistical analysis based on the 2k factorial methodology to determine the representative factors affecting traffic safety applications in Vehicular ad hoc networks (VANETs). Our purpose is to determine what are the key factors affecting Warning Message Dissemination (WMD) in order to concentrate on such parameters, thus reducing the amount of required simulation time when evaluating VANETs. Simulation results show that the key factors affecting warning messages delivery are: (i) the transmission range, (ii) the radio propagation model used, and (iii) the density of vehicles. Based on this statistical analysis, we evaluate a compound key factor: neighbor density. This factor combines the above-mentioned factors into a single entity, reducing the number of factors that must be taken into account for VANET researchers to evaluate the benefits of their proposals.
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Introduction
Vehicular ad hoc networks (VANETs) belong to a type of wireless network that does not require any fixed infrastructure. These networks are considered essential for cooperative driving among cars on the road. VANETs are characterized by: (i) a constrained but highly variable network topology, (ii) a great density of nodes, (iii) poor communication conditions (signal transmissions can be blocked by buildings), (iv) vehicle specific mobility patterns (frequent network partitioning due to the high mobility), and (v) no significant energy constraints.
The development of VANETs is backed by strong economical interests since vehicle (-) to-vehicle (V2V) communication allows the sharing of wireless channels for mobile applications, improving route planning, controlling traffic congestion, and improving traffic safety. Most of these applications depend on services to disseminate warning messages, which are alert messages sent by a vehicle to warn other vehicles of potential danger. In the coming future, vehicles will not only distribute information about themselves and their environment using warning messages, but they will also be able to communicate with other vehicles and the infrastructure, via multihop wireless communications.
Deploying and testing VANETs involves high cost and intensive labor. Hence, simulation is a useful alternative prior to actual implementation. Compared to Mobile ad hoc Networks (MANETs), VANET simulations must account for some specific characteristics found in vehicular environments. For instance, VANET simulations often involve large and heterogeneous scenarios. Traditional mobile systems also present a large number of parameters potentially affecting their performance, thus increasing considerably the simulation time required to correctly evaluate any proposal in a wide variety of scenarios. Hence, it is necessary to correctly identify the key factors that must be taken into account when simulating VANET scenarios, thereby avoiding to waste time repeating simulations by varying irrelevant parameters.
In this paper, we present a statistical analysis based on the 2k factorial methodology [1] to determine the most representative factors that govern the warning message dissemination performance in 802.11p based VANETs. The aim of this methodology is to reduce the simulation time required to analyze the performance of a given VANET system. We start our analysis by selecting the following nine factors which have been widely used in the literature: (i) the number of warning mode vehicles, (ii) the density of vehicles, (iii) the channel bandwidth, (iv) the broadcast scheme, (v) the mobility model, (vi) the radio propagation model, (vii) the periodicity of messages, as well as (viii) the maximum speed in the outskirts, and (ix) the transmission range.
In a factorial design strategy, all factors are varied together (as opposed to one-at-time). So, a key advantage of the factorial design is that it allows researchers to find out the possible interactions among different factors. This methodology will allow us to also determine interdependencies among different factors. This paper is organized as follows: Sect. 2 describes related work on 2k factorial analysis in wireless networks. Section 3 presents the 2k factorial analysis fundamentals. Section 4 describes the main factors of interest in VANET research. In Sect. 5 we determine the key factors in VANET simulation using the 2k factorial analysis and present the simulation results. Finally, Sect. 6 concludes this paper.
